Understanding the evolution of the developmental programs active during dipteran embryogenesis depends on comparative studies. As a counterpoint to the intensively investigated and highly derived cyclorrhaphan flies that include the model organism Drosophila melanogaster, we are studying the basal Diptera Bradysia hygida, a member of the Sciaridae family that is amenable to laboratory cultivation. Here we describe the B. hygida embryogenesis, which lasts 9 days at 22°C. The use of standard fixation D. melanogaster protocols resulted in embryos refractory to DAPI staining and to overcome this, a new enzyme-based method was developed. Calcofluor-White staining of enzimatically-treated embryos revealed that this method removes chitin from the serosal cuticle surrounding the B. hygida embryo. Chitin is one of the main components of serosal cuticles and searches in a B. hygida embryonic transcriptome database revealed conservation of the chitin synthesis pathway, further supporting the occurrence of chitin biosynthesis in B. hygida embryos. Combining the enzymatic treatment protocol with the use of both DIC and fluorescence microscopy allowed the first complete description of the B. hygida embryogenesis. Our results constitute an important step towards the understanding of early development of a basal Diptera and pave the way for future evo-devo studies.
Introduction
Comparative studies of dipteran embryogenesis provide the opportunity to uncover the evolution of regulatory mechanisms underpinning developmental programs (Schmidt-Ott, 2005) . Central to this tenet is the necessity to increase the number of species investigated in the laboratory (Wiegmann and Richards, 2018) . We have investigated sciarid flies that are basal dipterans and an evolutionary intermediate between mosquitoes (Culex, Anopheles) and flies (Musca) (Wiegmann et al., 2011) . These flies are suitable for laboratory culture and counterpoint the more intensively investigated and highly derived cychlorraphan flies that include the model organism Drosophila melanogaster.
Sciarids, also known as black fungus gnats, occur on all continents of the world and about 2000 species have been identified (Shin et al., 2013) . The molecular phylogeny of the Sciaridae family has been recently established together with the evolutionary history of larval habitats (Shin et al., 2013) . Even though most members of the Sciaridae family feed on plant litter or organic matter in the soil, some species are pests affecting plant and mushroom cultivation (Cloonan et al., 2016; Zhao et al., 2017) . Sciarids have been extensively employed as models for the study of developmentally regulated gene amplification and expression in DNA puff forming regions (Gerbi et al., 1993; Lara et al., 1991; Monesi et al., 2009; Stocker et al., 1996) . The study of sciarids has also contributed information about other biological processes of general occurrence in Metazoa including genomic imprinting, elimination of sex chromosomes during sexual determination, organization of ribosomal DNA, telomere organization, and programmed cell death (reviewed in Simon et al., 2016) .
The sciarid B. hygida was initially collected in the Ribeirão Preto campus of the University of São Paulo and has been cultivated under laboratory conditions since 1965 (Sauaia and Alves, 1968) . The B. hygida life cycle lasts about 36 days at 22°C and comprises the embryonic, larval, pupal and adult stages. The larval stage lasts for about 18 days and comprises four instars, where the fourth larval instar lasts about ten days. Under laboratory conditions, metamorphosis takes 5 days, followed by a 5-day-long adult stage. Adults mate soon after emergence and oviposition follows two days later (Monesi et al., 2009) .
The morphological and molecular mechanisms that participate in B. hygida early development have not yet been characterized and the use of a standard D. melanogaster fixation protocol resulted in embryos showing poor morphology and inappropriate for any kind of staining. We suspected that the presence of chitin in extraembryonic tissues could be the underlying cause that makes B. hygida embryos refractory to standard fixation protocols. A chitinized serosal cuticule was shown to contribute to Aedes aegypti egg desiccation resistance and the hard and impermeable nature of its eggshell was proposed to hinder the fixation and permeabilization of embryos (Rezende et al., 2008) . Indeed, searches in a B. hygida embryonic transcriptome resulted in the identification of enzymes that are part of the insect chitin synthesis pathway. We developed a new enzymatic-based method that results in B. hygida embryos suitable for DAPI staining. Calcofluor White staining shows that the enzymatic treatment works by partially disrupting the protective serosal cuticle that surrounds the embryo. Through the use of a combination of DIC and fluorescence microscopy following the enzymatic treatment we provide the first complete description of the 9day embryogenesis of the sciarid B. hygida. Together our studies have resulted in the establishment of a new enzymatic-based method suitable for insect embryos preparation and have contributed to the characterization of B. hygida early development.
Results and discussion
2.1. The B. hygida embryo is surrounded by a serosal cuticle Several factors make comparative analysis of Diptera embryogenesis an attractive area of study. Crucial aspects that govern the well-studied D. melanogaster embryogenesis are not representative even among flies. For instance, bicoid, which is a major determinant for the antero-posterior axis specification in D. melanogaster is absent in Nematocera and is most likely the result of an evolutionary event restricted to some members of the derived clade Cyclorrhapha that includes the drosophilids (Stauber et al., 2002) . Nevertheless, studies in D. melanogaster have provided the foundations for comparative studies in insects (El-Sherif et al., 2012) . The development of next generation sequencing techniques constitute an important innovation that has provided large datasets from non-model organisms and has been responsible for significant advances in comparative biology, including progresses in insect phylogeny (Trautwein et al., 2012) . Here we propose sciarids as a suitable species for comparative studies on dipteran embryogenesis, since in contrast to other basal dipterans such as the hematophagous mosquitoes, sciarids are tractable species and B. hygida in particular has been raised for many years under laboratory conditions. Our initial attempts to standardize an embryo fixation protocol for B. hygida using a standard D. melanogaster fixation protocol (Small, 2000) were unsuccessful. Embryos older than 24 h after egg-laying were essentially impermeable to DAPI (Fig. S1 ). These results were unexpected, since variants of the D. melanogaster standard fixation protocol have been employed with success in the study of embryos of other sciarid species (Carvalho et al., 1999; de Saint Phalle and Sullivan, 1996; Vanario-Alonso et al., 1996) .
Chitin is a linear polymer of β-(1 → 4)-linked N-acetylglucosamine (GlcNAc) and one of the major components of the serosal cuticle of A. aegypti (Rezende et al., 2008) . We reasoned that chitin could render the embryos impermeable to DAPI, therefore B. hygida embryos were fixed according to a D. melanogaster standard fixation protocol and incubated with Calcofluor White, a fluorescent molecule with specificity for β-(1 → 4)-linked D-glycopyranoside units (Wood, 1980) . Calcofluor White stained-embryos showed strong fluorescence compared to unstained embryos, indicative of the presence of chitin on the surface of the embryos ( Fig. 1A-C, Fig. S2 ). Further analysis revealed that the embryos were shrunken and displayed wrinkled surfaces, confirming that the D. melanogaster standard fixation protocol is inadequate for preparing B. hygida embryos older than 24 h after egg-laying ( Fig. 1A -C, Figs. S1, S2).
A new enzymatic protocol to fix and permeabilize B. hygida embryos
Since our results suggested that the B. hygida embryos were impermeable to DAPI due to the presence of a serosal cuticle that contains chitin we devised a new enzymatic-based protocol that employed an enzyme cocktail from Trichoderma harzianum, a mycoparasitic fungus that is currently used as an antagonist to some fungal pathogens (Sivan and Chet, 1989) . Enzymatically treated embryos were permeable to DAPI ( Fig. S1 ) and analysis of enzymatically-treated embryos stained with Calcofluor White suggested that the enzymatic protocol partially removed chitin from the B. hygida serosal cuticle ( Fig. 1 D, F, Fig. S2 ). In contrast, stronger Calcofluor White staining was observed in control embryos that were not treated with the enzyme cocktail ( Fig. 1 G, I, Fig.  S2 ). Additionally, embryos prepared using the enzymatic-based protocol presented a better preserved external morphology when compared to embryos prepared using the D. melanogaster standard protocol ( Fig. 1, Fig. S1, Fig. S2 ). Together, these results indicated the effectiveness of the enzymatic-based protocol and confirmed the presence of chitin in the B. hygida serosal cuticle ( Fig. 1 A, C, G, I). We note that at present the enzymatic protocol is only suitable for staining techniques that employ small molecules such as DAPI ( Fig. S1 ) and phalloidin (data not shown). Attempts to perform immunolabeling protocols revealed that the embryos remained impermeable to antibodies (data not shown) and further experiments are needed to expand the applicability of this enzymatic protocol.
Characterization of the B. hygida embryonic development
To characterize the embryonic development of B. hygida, live embryos collected at 24 h intervals were either analyzed using DIC microscopy ( Fig. 2) or fixed and stained with DAPI ( Fig. 3 ). Both syncytial and cellularized embryos in the blastula stage were observed in 0-24 h collections, where the majority of the nuclei were detected at the periphery ( Fig. 2, D1, Fig. 3, D1 ). These results agree well with a previous report of B hygida (Silva and Fernandez, 2000) and of other sciarids. In Sciara coprophila, cellularization of the blastoderm occurs 12 h after egg laying, whereas in Rhynchosciara americana cellularization starts around 12 h after egg laying and is completed approximately 24 h after egg laying (Carvalho et al., 1999; de Saint Phalle and Sullivan, 1996; Du Bois, 1932) . Together these results reveal that the cellular blastoderm stage in sciarids is attained during the first 24 h of embryogenesis.
On day 2, the germ band can be clearly distinguished from a yolkrich region and the entire embryo is surrounded by a layer of cells (Figs. 2 D2, 3 D2). Moreover, two nuclei populations can be observed. The first group of nuclei is found clustered together in one side of the embryo and we propose that they will give rise to the embryo proper (the germ band). The second group of larger nuclei apparently overlays the entire embryo and we propose that these are the nuclei of the serosa (Figs. 2 D2, 3 D2).
On day 3 the germ band flattens out, expands and occupies a larger area of the embryo (Fig. 3 D3) . Further analyses of three-day-old embryos stained with either DAPI or phalloidin suggest the existence of a furrow through which cells ingress ( Fig. 3, D3 , data not shown). We propose that gastrulation in B. hygida occurs between 48 and 72 h after egg laying. Similar results were obtained in R. americana in which gastrulation occurs between 94 and 120 h after egg laying (Carvalho et al., 1999) . On day 4, the first rudiments of segmentation are initially detected and the cephalic and caudal regions became discernible in the B. hygida embryo (Fig. 2 D4) . Between days 4 and 6 the number of segments increases and the caudal region enters the yolk (Fig. 2 D4-D6 , Fig. 3 D4-D6 ). The growing of both ends of the germ band and the sinking of the posterior region in the yolk was reported before for S. coprophila (Du Bois, 1932) . Both in four-day-old embryos and five-dayold embryos we observed a group of larger nuclei clustered together near the most caudal region of the embryo (Fig. 3 D4-D5 ). In six-dayold embryos this group of nuclei could be found inside the embryo, suggesting that between day five and day six it is integrated in the embryo (Fig. 3 D6) . We propose that this group of larger nuclei constitute the nuclei of the germ cells.
Germ band extension reaches its maximum on day 6 ( Fig. 2 D6,  Fig. 3 D6) . In seven-day-old embryos the germ band starts to shorten and the embryo widens in the dorso-ventral axis ( Fig. 2 D7, Fig. 3 D7) . Segmentation becomes more pronounced, the cephalic region grows and a cephalic cleft is evident (Fig. 3, D7 ). On day 8 the cephalic region has further developed ( Fig. 2 D8. Fig. 3 D8) and between days 8 and 9 the larva starts moving inside the egg (Figs. 2 D8, D9, 3 D8, D9). On day 9 the larva hatches. These results confirm that the embryogenesis of B. hygida lasts 9 days at 22°C as previously described (Silva and Fernandez, 2000) . Segmentation in S. coprophila has also been described to occur at a very late stage (Du Bois, 1932) . In R. americana germ band extension starts on day 5, complete germ band extension occurs on day 8 and the larva hatches between days 11 and 12 (Carvalho et al., 1999) . Together our results reveal that although the embryonic development of B. hygida is shorter than R. americana, the main events in the embryonic development of sciarids are very similar.
Two chitin synthase isoforms are present in the B. hygida embryonic transcriptome
We supposed that if B. hygida embryos synthesized chitin, we would be able to retrieve enzyme orthologs of the chitin biosynthesis pathway in a recently generated B. hygida embryonic transcriptome. The chitin biosynthesis pathway is highly conserved from fungi to insects and involves a series of enzymatic reactions that convert different sugars to a polymer of β-(1 → 4)-GlcNAc (Merzendorfer, 2011) (Fig. S3 ). Glutamine-fructose-6-phosphate amidotransferase (GFAT) (EC 2.6.1.16) is the rate limiting enzyme in the first subset of reactions that leads to the formation of GlcNAc. Four GFAT isoforms were found in the B. hygida transcriptome ( Table 1 ). The deduced B. hygida GFAT amino acid sequences present domain structures that are characteristic of GFAT proteins ( Fig. S4 ) and have high identity to the previously characterized A. aegypti GFAT-1 (AF399921) (Kato et al., 2002) (Table 1) .
Our searches also identified two orthologs of two enzymes that participate in the second subset of reactions in the chitin synthesis pathway, which leads to the formation of the activated amino sugar UDP-GlcNAc. The B. hygida phosphoacetylglucosamine mutase (EC 5.4.2.3) deduced amino acid sequence presents a phosphoacetylglucosamine mutase (PAGM) domain and shares 66% identity with the A. aegypti phosphoacetylglucosamine mutase deduced amino acid sequence (AY944754) (Fig. S5, Table 1 ). The B. hygida UDP-GlcNAc pyrophosphorylase (EC 2.7.7.23) shares 69% identity with the A. aegypti UDP-GlcNAc pyrophosphorylase deduced amino acid sequence (AY632694) and presents an UDPGlcNAc_PPase domain (Fig. S6 , Table 1 ).
The last reaction in the chitin pathway is catalyzed by chitin synthase (EC 2.4.1.16) which polymerizes chitin using UDP-GlcNAc as the activated sugar donor. Two chitin synthase sequences were found in the B. hygida transcriptome (Fig. S7) . Analyses of the B. hygida chitin synthase deduced amino acid sequences revealed that both proteins include the glycosyltransferase family A (GT-A) domain, which encompasses the central catalytic domain that contains several highly conserved sequence motifs characteristic of chitin synthases (Merzendorfer, 2006) . The B. hygida chitin synthase 1 deduced amino acid sequence shares 82% identity with the A. aegypti chitin synthase 1 Fig. 1 . The enzymatic treatment reduces the amount of chitin in the serosal cuticle of B. hygida embryos. Six-day-old B. hygida embryos were processed using either the D. melanogaster standard fixation protocol (A, B, C), or the enzymatic protocol (D, E, F), or the enzymatic protocol in which the enzymatic step was conducted in the absence of enzyme (G, H, I). All preparations were stained with Calcofluor White. Panels (A, D, G) show fluorescence images of the same planes shown in the respective bright field images (B, E, H). The images shown in panels (C, F, I) are three-dimensional reconstructions of confocal microscopy sections. All images were acquired using the same settings in the confocal microscope. Bar = 50 μm.
whereas the B. hygida chitin synthase 2 sequence is 63% identical to the A. aegypti chitin synthase 2 sequence (Fig. S7 , Table 1 ).
Insect genomes present two chitin synthase genes, probably derived from a gene duplication event, which are grouped into class A and B genes (Merzendorfer, 2006; Merzendorfer, 2011) . Phylogenetic analysis revealed that the B. hygida chitin synthase 1 sequence grouped with the insect class A sequences of D. melanogaster, A. aegypti and L. cuprina. The B. hygida chitin synthase 2 sequence grouped with the insect class B sequences of D. melanogaster and A. aegypti (Fig. 4) . Additionally, the phylogenetic distribution of chitin synthases in each group agrees with the relationships of the respective species in the Diptera phylogeny (Wiegmann et al., 2011) . These results support the existence of two chitin synthase genes in B. hygida, reveal that the chitin synthesis pathway is conserved in this sciarid and strongly suggest the occurrence of chitin synthesis during B. hygida embryogenesis.
Extra-embryonic tissues in dipterans
The presence and formation of extraembryonic tissues among dipterans raise interesting evolutionary concerns. In addition to the yolk sac, most insects develop two extraembryonic epithelia, the serosa and the amnion, which line the inner eggshell and the ventral germ-band, respectively (Schmidt-Ott and Kwan, 2016). The extraembryonic tissues play important roles in embryo immunity, desiccation resistance and morphogenesis (Schmidt-Ott, 2005; Schmidt-Ott and Kwan, 2016) and are thought to have made a significant contribution to the evolutionary success of insects (Schmidt-Ott, 2005) . In contrast, D. melanogaster and other cyclorrhaphan flies develop a single amnioserosa layer which closes the germ-band dorsally (Schmidt-Ott, 2005) . How the two extraembryonic epithelia evolved into one layer is not clear, however these morphological differences appear to correlate with the evolutionary appearance of the homeodomain gene bicoid (Rafiqi et al., 2008; Schmidt-Ott et al., 2009) .
It is worthy of note that the difficulties we encountered during our attempts to fix and permeabilize B. hygida embryos seem to be a particular trait of this species, since a standard D. melanogaster protocol has been successfully employed to study embryogenesis in other sciarid species (Carvalho et al., 1999; de Saint Phalle and Sullivan, 1996) . Difficulties in obtaining good quality embryo preparations were also reported for A. aegypti (Rezende et al., 2008) , where the serosa secretes a chitinized cuticle beneath the eggshell that increases the embryo's resistance to desiccation (Rezende et al., 2008) . Although chitin has also been detected in the serosal cuticle of mosquitoes such Anopheles aquasalis and Culex quinquefasciatus, the higher content of chitin in the serosa of A. aegypti correlates with increased resistance of A. aegypti eggs to desiccation (Farnesi et al., 2015) . In D. melanogaster, the genes that participate in chitin synthesis are initially expressed at the end of the embryonic stage and their products are employed in the synthesis of the larval cuticle (Goltsev et al., 2009) . Interestingly, an extensive phylogenetic analysis of the sciarid family based on morphological and molecular data correlates well with the sciarid larval habitats (Shin et al., 2013) . We can speculate that a particular shift in the oviposition habits and/or larval habitats might have favored higher chitin content leading to a more impermeable cuticle in B. hygida eggs. Although we cannot exclude the existence of other molecules that participate in the formation of a serosal cuticle in B. hygida, the identification of the B. hygida orthologs of the chitin synthesis pathway in the embryonic transcriptome strongly suggests that chitin is one of these components.
Experimental procedures

B. hygida maintenance and embryo collections
The B. hygida culture was maintained in plastic boxes (11 cm × 11 cm) containing a layer of humid soil and a diet prepared from fermented foliage. At 22°C the life cycle lasts 36 days (Laicine et al., 1984) . At the beginning of a new cycle, freshly laid eggs were collected and placed on top of the soil and surrounded by fermented foliage. After hatching, the larvae fed both on soil and on the foliage debris. Larvae undergo 4 instars which are defined by 3 molts that can be identified by the molt of the head capsule. Larval groups tend to be homogenous and display a migratory behavior towards the fresher diet. During the whole larval development the larvae build a web of salivary gland secretion which can be easily observed under the stereomicroscope. Just before pupation the larvae make individual cocoons in the soil. Five days later the adults emerge and mate. Females start laying the eggs on the soil 2 days after mating.
For embryo collections, culture boxes containing recently emerged adults were monitored on a daily basis. Twenty four hours after the first sighting of eggs, the adults were removed from the culture boxes using dissection forceps. In our experiments a 24 h collection was considered to contain one-day-old embryos. For older embryo collections the boxes were further incubated at 22°C, at fixed 24 h intervals, and the eggs were collected at the desired time points.
Enzymatic treatment
Embryos were transferred to a Petri dish containing 2% (w/v) agar and the remaining soil and foliage debris were removed with the aid of a forceps. Embryos were then transferred to a nylon cell strainer (mesh 100 μm), and extensively rinsed with washing solution [0.3 M NaCl; 0.25% (v/v) Triton X-100]. After washing, embryos were dechorionated in a 2.6% [w/v] sodium hypochlorite solution during 10 min, followed by extensive washing in tap water and a final rinse in washing solution. The embryos were subsequently transferred to a microtube containing 500 μl of PBS (0.13 M NaCl; 2.7 mM KCl; 10 mM Na 2 HPO 4 ; Fig. 3 . DAPI staining of B. hygida embryos. Embryos were collected at 24 h intervals after egg laying, fixed using the D. melanogaster standard protocol (D1) or the enzymatic protocol (D2 to D9), followed by DAPI staining. (D1 to D4, D9) fluorescence confocal microscopy, (D5-D8) fluorescence microscopy. The age of the embryos (in days) is indicated on the top left of each figure. (G) germ band; (F) furrow through which cells ingress; (CC) cephalic cleft; (*) germ cell nuclei. The arrowheads indicate serosa cell nuclei. Bar = 50 μm. The column enzyme describes the analyzed enzymes. The columns B. hygida and A. aegypti sequences describe the NCBI accession numbers of the B. hygida and A. aegypti sequences that were analyzed in the pairwise comparisons. The column pairwise comparisons described the pairs of deduced amino acid sequences that were compared using Blastp. The columns Blast max score and identity describe the maximum score and identity, respectively, obtained in each pairwise comparison.
2 mM KH 2 PO 4 , pH 7.4), washed twice with citrate buffer (0.1 M citrate buffer, pH 5.0), followed by incubation in 1 M NaOH, at 37°C, during 30 min. After alkali treatment, the embryos were washed twice with citrate buffer, followed by incubation in freshly prepared enzyme solution [Trichoderma harzianum lysing enzymes (Sigma L1412) 10 mg/ml in 0.1 M citrate buffer, pH 5.0], in a moist chamber at 37°C, for 2 h, under gentle rocking. After enzymatic treatment the embryos were washed twice in PBS, with agitation for five minutes each wash. The embryos were transferred to a small scintillation vial and incubated in 750 μl of fixative [PBS; 6% (v/v) formaldehyde], for 15 min at room temperature. After the initial fixation step, 750 μl of heptane were added and the embryos were further fixed for 45 min under gentle rocking. The lower phase (aqueous) was then removed and 2 ml of a methanol: dichloromethane (3:1, v/v) solution was added, followed by vigorous vortexing. The embryos that settled at the bottom of the vial were transferred to microtubes, washed twice with methanol and stored in methanol, at −20°C until further use.
Standard D. melanogaster embryo preparation
In order to evaluate the efficiency of our enzymatic treatment, embryos were also prepared using a standard protocol commonly used for D. melanogaster (Small, 2000) .
Calcofluor White staining
Embryos prepared either by our enzymatic treatment or by the standard D. melanogaster preparation were washed twice with sterile water, followed by incubation in Calcofluor White solution [Fluorescent Brightener 28 (Sigma) 0.5 mg/ml], for 15 min, followed by two washes in water. After staining, embryos were mounted in Vectashield antifade mounting medium (Vector Laboratories) and kept at 4°C until imaged by fluorescence microscopy.
DAPI staining
Embryos prepared either by our enzymatic treatment or by the standard D. melanogaster preparation were initially washed twice with methanol, followed by one wash in PBT/methanol [PBS; 0.1% (v/v) Triton-X; 50% (v/v) methanol], and 2 washes in PBT [PBS; 0.1% (v/v) Triton-X]. After washing, embryos were incubated for 5 min in DAPI staining solution [2.25 μM DAPI (4′,6-diamidino-2-phenylindole) diluted in PBT), followed by two washes in PBS. After staining, embryos were mounted in Vectashield antifade mounting medium (Vector Laboratories) and kept at 4°C until imaged by fluorescence microscopy.
Microscopy
Freshly dechorionated embryos were mounted in halocarbon oil as previously described (Wieschaus and Nüsslein-Volhard, 2003) and were examined using differential interference contrast (DIC) microscopy in a DM 5000B microscope (Leica). DIC images were acquired using a Leica DCF295 digital camera and processed using the LAS 4.0.0 software (Leica). DAPI stained embryos were analyzed in a DM5000B microscope (Leica) fitted with the UV filter cube (excitation filter BP 340-380/dichromatic mirror RKP 400/suppression filter LP 425). Fluorescence microscopy images were acquired using a Leica DFC 500 digital camera and processed using the LAS 3.8 software. Confocal microscopy was performed in a TCS SP8 confocal microscope (Leica) using the LAS AF software. For DAPI staining analysis the SP8 confocal microscope was set at EX 405 nm/EM 416-529 nm and for Calcofluor White staining analysis the SP8 confocal microscope was set at EX 405 nm/EM 420-480 nm.
Sequence analysis
The presence of sequences in the B. hygida embryonic transcriptome that were similar to sequences of interest was confirmed using the Fig. 4 . Chitin synthase phylogeny and sequence identity. Phylogenetic analysis identifies a subtree composed of the four insect CHS1 sequences and a subtree composed of the three insect CHS2 sequences (A). The amino acid sequence identity analysis reveals a cohesive group of the four insect CHS1 sequences and a less cohesive group composed of the three insect CHS2 sequences (B). Note the proximity and the high sequence identity between the A. aegypti and B. hygida CHS1 sequences and between the A. aegypti and B. hygida CHS2 sequences.
Blastn local nucleotide alignment tool, version 2.2.31, with the maximum e-value set to 10 −10 . The identified contigs were employed as a starting point to perform searches in the protein and nucleotide collections (nr/nt) database of NCBI. Sequence translation was performed using the BioEdit sequence Alignment Editor (version 7.2.0) and alignments were made using ClustalW (Thompson et al., 1994) . Conserved domains were identified through Blast searches in the non-redundant protein sequences (nr) of NCBI.
The production of the phylogenetic tree of the sequences of interest was performed based on the multiple amino acid sequence alignment. The alignment was produced by ClustaW version 2.0. The phylogenetic tree was produced using the PhyML tool, version 3.1 (Guindon et al., 2010) . Bootstrap calculations were obtained with 1000 replicates.
Supplementary data to this article can be found online at https:// doi.org/10.1016/j.mod.2018.08.002.
